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5ǊƛǾŜǊǎ ƻŦ Ǉƭŀƴƪǘƻƴ ōƛƻƳŀǎǎ ƛƴ ǘƘŜ bƻǊǘƘ 5ŜƭǘŀΥ ǿƘŀǘ Ŏŀƴ ǿŜ ƭŜŀǊƴ ŦǊƻƳ ŀ ΨǎƛƳǇƭŜΩ 
terminal system?

Å Higher trophic levels of the pelagic food web in San Francisco Estuary (SFE) are food-limited
Å Terminal channels and sloughs still support high chlorophyll and zooplankton biomass
Å Zooplanktivorousfishes such as Delta Smelt and Threadfin Shad occupy these habitats 1

Å Difficult to quantify drivers of phytoplankton and zooplankton in spatially and temporally complex 
estuariesτcan a simple artificial system help our understanding?

Study Site: Sacramento Deep Water Ship Channel
Å Seaward to landward gradient in hydrodynamic exchange2, turbidity, and water chemistry
Å Sampled 10 fixed stations  ~ monthly from 2012 ς2019 (n=74), spanning spatial gradients
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Takeaways and Implications
1. Trophic interactions between zooplankton and phytoplankton were 
strongest in landward reaches with long residence times
2. The effects of trophic interactions were stronger than effects of all abiotic 
drivers except for water temperature 
3. Chlorophyll-a and total phytoplankton were poor predictors of 
zooplankton dynamicsτmonitoring specific phytoplankton taxa is important 
for food web studies

Q2: Do environmental drivers of phytoplankton and zooplankton 
dynamics vary along a hydrodynamic gradient?

Plankton biomass and community composition differ among hydrodynamic zones
Å Lowerphytoplankton biovolumein landward direction, but higherchlorophyll-a
Å Diatoms (bacillariophyta) dominate seaward reaches, cryptophytesdominate landward reaches
Å Higherzooplankton biomass in landward direction
Å Copepods dominate throughout the DWSC, but cladoceranbiomass highest in landward reaches

Modelling Approach
Å Used multivariate autoregressive state space (MARSS) models 

to estimate effects of environmental drivers (ex. turbidity)  for 
major taxa in each hydrodynamic zone

Å Models also estimated trophic interactions between the major 
zooplankton and phytoplankton taxa in each zone

Å Time series were standardized to allow comparison of effect 
sizes among taxa and hydrodynamic zones
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No Exchange (NE) Zone
Long water residence time 
(weeks-months)
Low dissolved inorganic N 
(DIN)
Low turbidity

Low Exchange (LE) Zone
Residence time > 7 days
High DIN
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High Exchange (HE) Zone
Daily tidal exchange
High DIN
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Spatial  and temporal patterns in total phytoplankton and zooplankton 
biomass Biomass of dominant phytoplankton (A) and zooplankton (B) taxa at each station

Phytoplankton and zooplankton time series used in models. Stations arranged from landward 
(top) to seaward (bottom)
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a) Sampling stations within each hydrodynamic exchange zone. b-g) Turbidity (NTU), nitrate (mg N L-1), 
ammonium (mg N L-1), phosphate (mg P L-1), chlorophyll-a (˃ ƎL-1), and zooplankton biomass (˃Ǝdw L-1) at 
each station. Stations ordered from seaward (HE) to landward (NE) along x-axis.

Q1: Do trophic interactions between zooplankton and phytoplankton 
vary across environmental gradients?

Phytoplankton:
Bacillariophytes
Chlorophytes
Cryptophytes

Zooplankton:
Copepoda
Cladocera

Standardized effects (x-ŀȄŜǎύ ƻŦ ǇƘȅǘƻǇƭŀƴƪǘƻƴ ƻƴ ȊƻƻǇƭŀƴƪǘƻƴ όΨōƻǘǘƻƳ-ǳǇ ŜŦŦŜŎǘǎΩΤ ƎǊŜŜƴ 
Řƻǘǎύ ŀƴŘ ȊƻƻǇƭŀƴƪǘƻƴ ƻƴ ǇƘȅǘƻǇƭŀƴƪǘƻƴ όΨǘƻǇ-ŘƻǿƴΩΤ ōǊƻǿƴ Řƻǘǎύ ƛƴ ŜŀŎƘ ƘȅŘǊƻŘȅƴŀƳƛŎ 
zone (A-C). Y-ŀȄƛǎ ƭŀōŜƭǎ ǎƘƻǿ ŀƭƭ ǇƻǘŜƴǘƛŀƭ ƛƴǘŜǊŀŎǘƛƻƴǎ όΨǘŀȄŀм-ǘŀȄŀнΩ ǊŜŦŜǊǎ ǘƻ ǘƘŜ ŜŦŦŜŎǘ ƻŦ 
ǘŀȄŀ м ƻƴ ǘŀȄŀ нύΦ фр҈ /LΩǎ ǎǇŀƴƴƛƴƎ ȊŜǊƻ ǎƘƻǿ ŀ ƴƻƴ-significant effect.

Å Stronger bottom-up and top-
down interactions between 
phytoplankton and zooplankton 
in landward reaches with long 
residence time

Å Cryptophyteshave positive 
bottom-up effects on both 
copepods and cladocerans

Å Cladocerans, not copepods, have 
strong top-down effects on 
phytoplankton

Å Significant spatial and taxonomic differences in effects of drivers
Å Strongest phytoplankton drivers: turbidity, phosphate, water 
ǘŜƳǇŜǊŀǘǳǊŜ όƛΦŜΦ ΨǎŜŀǎƻƴΩύ

Å{ǘǊƻƴƎŜǎǘ ȊƻƻǇƭŀƴƪǘƻƴ ŘǊƛǾŜǊǎΥ ǿŀǘŜǊ ǘŜƳǇŜǊŀǘǳǊŜ όΨǎŜŀǎƻƴΩύΣ  ǘǳǊōƛŘƛǘȅΣ 
tidally-filtered discharge 

Standardized effects of environmental drivers (y-axis) on 
phytoplankton taxa (rows) in each hydrodynamic zone (columns)

Standardized effects of environmental drivers (y-
axis) on zooplankton taxa (rows) in each 
hydrodynamic zone (columns)

Next steps:
Å Model seasonal variation in zooplankton-

phytoplankton interactions, and add 
predators (zooplanktivorousfishes)

Å Model interactions at finer taxonomic 
resolution or among functional groups

Å Investigate controls in phytoplankton at 
shorter time scales


